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amphibian skeletal muscle 
The mechanism of excitation/contraction coupliner 
in skeletal muscic is not known, although mechanical 
or chemical coupling mechanisms, the latter involving 
messenger molecules, have been proposed [ll. The 
mechanical hypothesis tates that the voltage sensor 
molecule in the transverse tubule (T-T) undergoes a 
conformational change that is transmitted through the 
feer of the terminal cisternae to activate sarcoplasmic 
reticulum (SR) calcium release [2]. On the other hand, 
in analogy to its function in other cell systems, where 
inositol 1,4,Strisphosphate (IP3) plays a role as in- 
tracellular messenger coupling external stimuli to 
calcium release from non-mitochondrial stores [3], IF3 
has been postulated as a chemical messenger linking 
T-T depolarization to calcium release from SR ([4-T], 
reviewed in [gJ). 
This proposal is supported by the following observa- 
tions: (i) I[Ps induces calcium release [9,10] and contrac- 
tion [4-91 in skeletal muscle fibers, made permeable by 
skinning, peeling or rupture; (ii) IP3 induces calcium 
release both in intact muscle Ill] and in isolated heavy 
SR vesicles [6,1%]; (iii) IP3 activates calcium channels in 
SR vesicles fused to planar lipid bilayers [13,14]; (iv) 
the lipid precursors and enzymes responsible for IP3 
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production are present in T-T membranes [15-191; and 
iv) electrical sti;nulation of muscle fibers increasis the 
intracellular 1Pr concentration [4,20] a few 
milliseconds after stimulation [20]. 
According to this hypothesis, relaxation of skeletal 
muscle is dependent on an IP3 phosphatase (IPa-ase) 
that would remove the IP3 released by electrical 
stimulation !41. While some indirect evidence was in- 
itially presented supporting this proposal [4], the 
presence of an IPa-ase in skeletal muscle has been 
disputed. Significant IPJ-ase activity was demonstrated 
in muscle extracts [5] and in isolated membranes [21] by 
two independent laboratories, but not by others [22]. 
Milani et 31. [21] found the IP3-ase activity in rabbit 
skeletal muscle to be membrane bound and also present 
in soluble form; the highest specific activity was found 
in a microsomal fraction enriched in T-T membranes. 
In this work, we compared the rates of hydroIysis of 
IP3 in purified T-T and SR membranes isolated from 
frog skeletal muscle. We found that there is an IPJ-ase 
activity localized mainly in T-l’ membranes, and that in 
this membrane fraction, the resulting inositol 
bisphosphate (IP2) is further hydrolyzed to inositol 
l-phosphate (IP) and inositol. 
2. MATERIALS AND METHODS 
2.1 I Msleriuls 
The chemicals used were purchased from Merck, Sigma Chemical 
Co. and Fluka. [‘H]IP, (1 Ci/mmoi), [3Hjinositoi i,+bisphosphatc 
(1 CVmmo!), [“H]inositol l-phosphate (1 Ci/mmol) and 
[3H]myoinositol were obtained from Amersham Carp, IPs was from 
Calbiochem. 
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3, RESUI_TS AND DISCUSSIQN 
Mcasurcments of [“H]IPJ hydrolysis in soluble frac- 
tions and in SR and T-T fractions isolated from frog 
skeletal muscle showed that IPJ-asc activity was ubi- 
quitous. At 25°C and 20 lcM [“H]IP3, the hydrolysis 
rates of the soluble fraction, SR and T-T membranes 
were 50.1, I,2 1 0.1 (2), and 22.0 rt 2.7 (9) 
nmol/min/mg of protein, rcspeceively. These results in- 
dicate that, as has been demons:rated in several cell 
systems [2§], in skeletal muscle the enzyme is mostly 
present in membrane-bound form. Furthermore, the 
IP3-ase activity is highly enriched in the T-T mem- 
branes, that displayed about 20-fold higher activity 
than SR membranes, and a V,,,, value of 44.1 rtr 
2.2 nmol hydrolyzed per mg of protein per min 
(Fig. 1). Likewise, in rabbi: muscle a membrane frac- 
tion containing a mixture of SR and T-T membranes 
displays higher IP3 phosphatase activity than SR [20], 
with a reported VntclX of about 20 nmol/min/mp of pro- 
tein at 30°C. These results indicate that, in cont.rast o 
other reports [26], skeletal muscle has significant IP3 
phosphatase activity, comparable to that of other 
tissues [20], and that this enzyme is predominantly 
localized in the transverse tubule system. Furthermore, 
the activity of SR is so low that it might reflect residual 
contarilination with T-T membranes. 
Milnni et al. [2i] reported a K,,, value for IP2-ase in 
rabbit muscle in the range of IS-18 14M. WC have 
measured a samewhat higher Km, value in rhc T-T froc- 
tion, 25,2 f 2.614M For frog muscle (Fig. 1). Both the 
enzyme present in rabbit [21] as we!! as the enzyme pre- 
sent in frog skeletal muscle, have an absolute rcquirc- 
mcnc. for Mg and are completely inhibited by 0,l mM 
CdCll (not shown), 
WC studietl the time course of [“HII& degradation 
and the appearance of [3H]inositol phosphate 
derivatives in T-T membranes. We found that [‘H]IPI 
hydrolysis Icd first to the formation of [3H]IP~, follow- 
cd later by the sequential appearance of [“H]IP and 
[‘Hlinositol; a!! the initial [‘H]IP, had been converted 
to [“Hlinositol after 10 min incubation (Fig, 2). In the 
2 4 6 a 10 
Reaction time, minutes 
Fig. 2, Time course of hydrolysis of [3Hjinositol i,4,54iisphasphale 
by isolated transverse tubule membranes at 20pM IP3. To isolate and 
identify the inositol phosphates, separation in Dowex columns was 
used (see text), The results represent average values of two different 
membrane preparations. 
59 
If we assume (i) that duriny n twitch the conccntra. 
rlon of ~PJ in the triadic space reaches I pM (a value 
higher than the thresholr! for opening calcium chan~~cla 
at resting pC% (R,28]), (ii) that the volume af the triadic 
space is about I.7 x 1O”7 liters/,rm3 of T-tubule surf 
face [l6], and (iii) that relaxation takes plncc in 
SO-200 ms [29], then an IPJ-ase activity in the range of 
0,85-3.4 x 10”” mol/s/~~m2 of T-T surface would be 
required to remove ali the IP, relwxd. Assuming that 
there arc 10” phospholipid moleeulcs per ,wn2 of mcm- 
brane surfact! [MI and 2 /lmol phospholipid per mg of 
protein [23], these values can be converted co 
6-24 nmol/rng of protein per min. The VmtiX rates 
measured are above this range, At 1 /tM IPI, the 
physiologically relevant concentration, using HPLC to 
measure IPJ hydrolyzed, we determined a race of 
hydrolysis of 1.2 f 0, I (2) nmol/mg per min, lower 
than given above but still in a range adequate to ac- 
count for relaxation. Furthermore, it is possible that 
the isolated membrane preparations might have lost 
regulatory factors, i.e. phosphorylacion [31], that 
might increase the activity in vivo. Thus the IPJ-ase ac- 
tivity may be directly involved in the mechanism of 
physiological relaxation, and uncluestionably plays a 
role in returning the IP3 levels to the resting values 
[4,5]. In support of this proposal, it has been reported 
that microsomes i olated from swine which arc suscep- 
tible to malignant hyperpyrexia re deficient in IP3-ase 
activity, and that the myoplasmic oncentrations of IP3 
and calcium are higher than in normal swine [32]; these 
results were interpreted as indicative that the raised 
myoplasmic calcium ion concentration of hyperexic 
muscle is caused by the deficiency in IF+ase activity. 
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